A structured critical success factors model for the implementation of green retrofit projects by Jagarajan, Rehmaashini
  
 
 
A STRUCTURED CRITICAL SUCCESS FACTORS MODEL FOR THE 
IMPLEMENTATION OF GREEN RETROFIT PROJECTS  
 
 
 
 
 
 
 
 
REHMAASHINI JAGARAJAN 
 
 
 
 
 
 
 
 
 
 
UNIVERSITI TEKNOLOGI MALAYSIA 
A STRUCTURED CRITICAL SUCCESS FACTORS MODEL FOR THE 
IMPLEMENTATION OF GREEN RETROFIT PROJECTS 
 
 
 
 
 
REHMAASHINI JAGARAJAN 
 
 
 
 
 
A thesis submitted in fulfilment of the                                                               
requirements for the award of the degree of  
Doctor of Philosophy (Facilities Management) 
 
 
 
 
Faculty of Geoinformation and Real Estate 
Universiti Teknologi Malaysia 
 
 
 
 
JUNE 2015 
iii 
 
 
 
 
 
 
 
 
 
 
 
 
 
Specially dedicated to my beloved father, mother and brothers 
 
iv 
 
 
 
 
ACKNOWLEDGEMENT 
 
 
 
First and foremost, I am grateful to the God for the good health and wellbeing 
that were necessary to complete my Ph.D.  
 
I offer my sincerest gratitude to my supervisor, Dr. Mat Naim B. Abdullah, 
who has supported me throughout my thesis with his patience and knowledge whilst 
allowing me to work in my own way. I attribute the level of my degree to his 
encouragement and effort and without him this thesis, too, would not have been 
completed or written. One simply could not wish for a better or friendlier supervisor. 
I also acknowledge with gratitude the intellectual support of my co-supervisor 
Professor Sr. Dr. Abdul Hakim Mohamed, who provided me with valuable assistance. 
I am extremely thankful to him for sharing expertise and also for extending valuable 
guidance to me. To both my supervisors, a hearty thank you.   
 
Of course no acknowledgements would be complete without giving thanks to 
family.  Where would I be without my family? Both my parents have instilled many 
admirable qualities in me and given me a good foundation with which to meet life. 
They have taught me about hard work and self-respect, about persistence and about 
how to be independent. I am proud of my parents and love them very much. I am 
grateful for the “smart genes” they passed on to me. My parents deserve special 
mention for their inseparable love, support and prayers. Special thanks to my brothers 
for being supportive and caring siblings.  
 
Last but not least, I must acknowledge with tremendous and deep thanks, my 
friends (you know who you are!). Thank you for your encouragement, support and 
most of all your humor. You have kept things light and me smiling.  
 
Finally, I also would like to place on record, my sense of gratitude to one and 
all, who directly or indirectly have lent their hand in this venture, as well as expressing 
my apology that I could not mention personally one by one. 
v 
 
 
 
 
ABSTRACT 
 
 
 
Existing buildings contribute to half of all annual energy and greenhouse gas 
emissions. Green retrofit has been the latest value added service under the facility 
management field to mitigate climate change caused by greenhouse gas emission. 
Yet, green retrofit implementation is not widely practiced by existing building 
stakeholders due to lack of participation and cooperation among them. Among the 
issues of green retrofit are high upfront costs and uncertain return, lack of green 
building professionals, lack of financial incentives, knowledge gap in green 
development quantification, lack of green awareness, lack of communication among 
the stakeholders, lack of internal leadership and lack of green materials and 
technology. These factors contribute to the failure of green retrofit projects’ 
implementation. Thus, the aim of this research is to identify the critical success 
factors (CSFs) of green retrofit projects’ implementation. The specific objectives of 
this research are: to identify the CSFs of green retrofit; to evaluate the criticality and 
ranking of CSFs of green retrofit; and to develop structural model for the CSFs of 
green retrofit. The research methodology adopted to achieve the aim of this research 
is quantitative method using a survey based approach consisting of three steps 
namely literature review, experts’ opinions and questionnaire survey. Based on 
literature review, eight CSFs with thirty three indicators of green retrofit 
implementation were identified. Experts’ opinions were sought to validate the 
identified CSFs and to develop relationships among the CSFs using an Interpretive 
Structural Modelling (ISM). Questionnaire survey was conducted to empirically 
confirm the ISM-Based Model using Structural Equation Modelling (SEM). The 
final model consists of eight CSFs with twenty seven indicators with CSF 1 (green 
building professionals) and CSF 5 (internal leadership) being the major drivers for 
the success of the green retrofit projects implementation.  
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ABSTRAK 
 
 
 
Bangunan sedia ada menyumbang kepada separuh daripada jumlah pelepasan 
gas rumah hijau. Pengubahsuaian hijau merupakan nilai tambah terkini di bawah 
bidang pengurusan fasiliti untuk mengurangkan perubahan iklim yang disebabkan 
oleh pelepasan gas rumah hijau. Namun, pelaksanaan pengubahsuaian hijau tidak 
diamalkan secara meluas oleh pihak berkepentingan bangunan sedia ada disebabkan 
oleh kekurangan penyertaan dan kerjasama di kalangan mereka. Antara isu-isu utama 
pengubahsuaian hijau ialah kos yang tinggi dan pulangan yang tidak menentu,  
kekurangan profesional bangunan hijau, kekurangan insentif kewangan, kekurangan 
kesedaran hijau, kekurangan komunikasi di antara pihak-pihak berkepentingan, 
kekurangan kepimpinan dalaman dan kekurangan bahan-bahan dan teknologi hijau. 
Faktor-faktor ini menyumbang kepada kegagalan pelaksanaan projek 
pengubahsuaian hijau. Maka tujuan kajian ini adalah untuk mengenalpasti faktor-
faktor kejayaan kritikal (FKK) bagi pelaksanaan projek pengubahsuaian hijau. 
Objektif-objektif khusus kajian ini adalah: mengenalpasti FKK untuk 
pengubahsuaian hijau; menilai tahap kritikal and kedudukan FKK untuk 
pengubahsuaian hijau; dan membangunkan struktur model bagi FKK untuk 
pengubahsuaian hijau. Kaedah penyelidikan yang digunapakai untuk mencapai 
tujuan kajian ini adalah berdasarkan kaedah kuantitatif menggunakan pendekatan 
kajian soalselidik yang terdiri daripada tiga peringkat iaitu kajian literatur, pendapat 
pakar dan kajian soal selidik. Berdasarkan kajian literatur, lapan FKK dengan tiga 
puluh tiga indikator pelaksanaan pengubahsuaian hijau telah dikenalpasti. Pandangan 
pakar telah dirujuk untuk mengesahkan FKK yang dikenalpasti dan membangunkan 
hubungan antara FKK dengan menggunakan kaedah permodelan tafsiran struktur 
(ISM). Kajian soal selidik dijalankan untuk mengesahkan secara empirikal Model 
Berasaskan ISM dengan menggunakan kaedah permodelan persamaan struktur 
(SEM). Model akhir terdiri daripada lapan FKK dengan dua puluh tujuh indikator 
dengan CSF 1 (profesional bangunan hijau) dan CSF 5 (kepimpinan dalaman) 
sebagai pendorong-pendorong utama kepada kejayaan pelaksanaan projek 
pengubahsuaian hijau.  
